Estrogen and non-genomic upregulation of voltage-gated Na(+) channel activity in MDA-MB-231 human breast cancer cells: role in adhesion.
External (but not internal) application of beta-estradiol (E2) increased the current amplitude of voltage-gated Na(+) channels (VGSCs) in MDA-MB-231 human breast cancer (BCa) cells. The G-protein activator GTP-gamma-S, by itself, also increased the VGSC current whilst the G-protein inhibitor GDP-beta-S decreased the effect of E2. Expression of GPR30 (a G-protein-coupled estrogen receptor) in MDA-MB-231 cells was confirmed by PCR, Western blot and immunocytochemistry. Importantly, G-1, a specific agonist for GPR30, also increased the VGSC current amplitude in a dose-dependent manner. Transfection and siRNA-silencing of GPR30 expression resulted in corresponding changes in GPR30 protein expression but only internally, and the response to E2 was not affected. The protein kinase A inhibitor, PKI, abolished the effect of E2, whilst forskolin, an adenylate cyclase activator, by itself, increased VGSC activity. On the other hand, pre-incubation of the MDA-MB-231 cells with brefeldin A (a trans-Golgi protein trafficking inhibitor) had no effect on the E2-induced increase in VGSC amplitude, indicating that such trafficking ('externalisation') of VGSC was not involved. Finally, acute application of E2 decreased cell adhesion whilst the specific VGSC blocker tetrodotoxin increased it. Co-application of E2 and tetrodotoxin inhibited the effect of E2 on cell adhesion, suggesting that the effect of E2 was mainly through VGSC activity. Pre-treatment of the cells with PKI abolished the effect of E2 on adhesion, consistent with the proposed role of PKA. Potential implications of the E2-induced non-genomic upregulation of VGSC activity for BCa progression are discussed.